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INTRODUCTION. 
Cerebro-spinal  meningitis  prevailed  as  an  epidemic  in  Greater 
New York City during  the winter  of  19o4 and  the spring of  I9o  5 . 
The epidemic embraced about 4000 cases of the disease.  The deaths 
numbered  3,429 .  In  the  year  I9O4,  1,4o  3  deaths  occurred  from 
meningitis.  In  the  year  19o5,  the  number  of cases  of the  disease 
reported  was  2,755 ,  and  the  number  of  deaths,  2,026.  The  per- 
centage  mortality,  deduced  from  the  figures  for  I9O5,  is  73.5 
per cent. 
In the spring of 19o5, the Health Department of the City of New 
York  appointed  a  commission  to  co-operate  with  the  department 
in  investigating  the  epidemic.  As  a  member  of the  commission,  I 
undertook  an  experimental  investigation  of  epidemic  meningitis, 
out  of which  the  following  reports  have  grown.  The  rather  one- 
sided nature of the studies,  which are to be given here,  is  to be ex- 
plained,  in part,  by the allotment  of different aspects of the investi- 
gation  to  the  several  members  of  the  laboratory  committee  of  the 
commission? 
The  particular  subject  of  investigation  alloted  to  me  was  the 
pathogenic  properties  of  Diplococcus  intracelhtlaris,  and  the  im- 
munization  of animals  with a  view to obtaining immune  sera which 
might be used for the differentiation of the diplococcus by the agglu- 
tination  test.  In  the course  of the  study of its  pathogenic  effects, 
I  became impressed  with  certain  biological properties  of the  Diplo- 
coccus intracellularis which have not hitherto been recorded. 
In a  small  number of instances  only did  I  isolate  the  diplococcus 
1  The laboratory committee of the Commission consisted of Drs. W. J.  Elser, 
E.  K.  Dunham, J'.  M. Van Cott, Jr.,  and  Simon Flexner. 
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directly  from  spinal  fluids  obtained  by  lumbar  puncture,  or  from 
exudates  secured  at  autopsy.  I  relied  for  the  greater  part  of  the 
cultures with which I  worked upon Dr.  E. K. Dunham,  Dr. Martha 
Wollstein,  of the Babies Hospital, and  Dr.  E.  P.  Bernstein,  of Mt. 
Sinai  Hospital.  I  frequently  obtained  from  Drs.  Wollstein  and 
Bemstein  cultures  in  the  first  and  second  generation  on  serum- 
glucose-agar.  Dr.  Dunham  provided  me  with  many  strains  of 
Diplococcux  intracellularis  and  a  number of diplococei whose prop- 
erties  were not  identical  with  this  diplococcus.  These  latter  were 
obtained,  for the most part,  from the nose and pharynx.  I  secured 
a  number  of  strains  of  diplococci,  which  I  compared  with  Diplo- 
coccus intracellularis,  from the nose and  throat  of healthy persons, 
and  from domestic pets, cats and  dogs,  owned by persons  in whose 
homes cases of meningitis occurred.  2 
The  difficulties  of  cultivating  Diplococcus  intracelluIaris  were 
greatly reduced by the employment of sheep serum instead of human 
serum.  For this  advantage  I  am  indebted  to a  suggestion  of  Dr. 
W.  H.  Park,  of  the  Department  of  Health.  Sheep-serum-water, 
prepared according to  Hiss'  method,  is  mixed  with  a  beef infusion 
agar-agar  containing  2  per  cent.  of  glucose.  The  quantity  of 
sheep-serum  water need  not  exceed ~  to  1  of the  volume of the 
agar.  It  is  added  to  the  sterile  and  melted  agar-agar  which  is 
afterwards  slanted  in  test  tubes,  or  allowed  to  congeal  on  the  ex- 
panded  surface of  16 ounce Blake bottles.  The latter are used  for 
obtaining mass cultures. 
The  identification  of  the  cultures  of  Diplococcus intracelluIaris, 
which  I  studied,  offered no  special  difficulties.  Their  origin  from 
:The  nasal  cavities  of  the  domestic  pets  were  examined  by  my  assistant, 
Mr. Ward.  As a rule, it was necessary to etherize the animals in order to obtain 
satisfactory  "swabs"  from the upper  nasal  mucosa.  Several  cocci or diplococci 
decolorizing by Gram's method were obtained but they were readily distinguished 
from Diplococcus intracellularis.  Through the kindness  of Dr. A. C. Abbott, of 
Philadelphia,  Mr. Ward was enabled to make plate cultures  from the upper nasal 
mucous membrane of fifty inmates of the Philadelphia  Hospital.  At the time of 
this  investigation  meningitis  was  not epidemic in  Philadelphia,  and  it  did  not 
become  so  afterwards.  The  inoculated  plates  were  divided  with  Dr.  E.  K. 
Dunham.  Neither Dr.  Dunham  nor Mr.  Ward  obtained  from them any diplo- 
coccus which could be confounded with the intracelluIaris.  Cocci agreeing  with 
M. catarrhalis were, however, obtained  from several  plates. Simon Flexner.  107 
the spinal canal of persons suffering from epidemic meningitis was 
always presumptive evidence of their nature.  The  diplococci ful- 
filled the ordinary cultural requirements, and they showed the low 
degree of viability which has been observed commonly.  I  quickly 
learned to lay some stress upon rapidity with which involution oc- 
curred in cultures which grew luxuriantly, and,  later,  I  learned to 
trust  the  fermentative  reactions  upon  sugars  of  the  diplococcus. 
Dextrose and maltose are  feebly attacked  by the diplococcus, and 
acid  is  produced.  Gas  is  never  liberated,  and  in  a  sheep-serum- 
water-litmus medium, containing the sugars mentioned, reddening, 
but  no  coagulation,  is  produced2  Certain  other  diplococci,  not 
staining by Gram's  method, with which Diplococcus intracellularis 
might possible be confused, were either devoid of power to ferment 
sugars,  or  they  possessed  wider  or  more  vigorous  fermentative 
power than the intracellularis. 4 
AUTOLYSIS  OF  THE  DIPLOCOCCUS. 
The brief vitality of many cultures of the intracellularis is a point 
of  differential  importance.  Many  strains,  grown  on  a  favorable 
medium,  unless  transplanted  to  a  fresh  medium,  do  not  survive 
beyond two or  three  days.  Indeed,  these transplantations  do not 
succeed, frequently, unless considerable quantities of the growth are 
carried to the fresh tubes, an indication that only a  fraction of the 
cocci have survived, or are still capable of multiplication.  Vigorous 
fresh cultures of I6 to 24 hours' growth stain sharply and uniformly. 
On  the  second  day,  the  cocci  show  irregularities  in  staining and 
size, which irregularities are increased by dessication of the surface 
of the medium and by other injurious causes.  Cultures three days 
old show marked degenerations, and these increase rapidly with age 
until, at the end of five or six days, or even earlier, no normal cocci 
persist.  Even  with  very  careful  preservation,  the  great  majority 
of the cocci  do not  survive beyond  this  period.  A  few  cocci,  in 
carefully preserved cultures of certain strains, may survive for many 
a The  sugar  reactions  of  the  diplococcus  have  been  studied  especially  by 
Dr.  Dunham  and Dr. Elser.  (E. K. Dunham, Your. Infec. Diseases, 19o6,  Supple- 
ment 2, p.  IO;  W.  J.  Elser,  Your.  Med. Research,  19o6, ix, 89.) 
' The value and  limitation of the agglutination  reaction are discussed  by Dun- 
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months.  The appearance of old cultures is  characteristic.  At the 
beginning of the  degeneration, swollen,  deeply-stained cocci occur 
among the smaller but  usual  forms,  which  take  the  stain  less  in- 
tensely than  fresh cultures.  At this stage,  tetradic groups  appear, 
especially among  the  swollen  cocci.  As  degeneration  progresses, 
loss  of  staining  and  disintegration  ensue,  until,  finally,  staining 
power is entirely lost and a formless detritus remains. 
The slight viability of Diplococcus intracelhdaris  when grown out- 
side the body, and the characteristic changes associated with its disso- 
lution, led me to try the effect of a  number of experimental condi- 
tions  upon  these  phenornena.  The  low  degree  of  viability  was 
conceivably due to  rapid  exhaustion of the medium of growth,  at 
least of that superficial layer of the solid medium upon which growth 
takes place, or of accumulation of growth products, or of these two 
factors acting together.  The possibility must be kept in  mind that 
the  life-history  of  the  diplococcus,  within  and  without  the  body, 
may be,  at  best,  a  brief  one.  In  this  case vigorous-looking cocci 
would  appear  in  cultures  only  so  long  as  multiplication  was  pro- 
ceeding;  and  once  the  cocci  have  reached the  expiration  of  their 
brief  life-period,  disintegrative  or  involutional  changes  would  set 
in  quickly.  Some  notion  of  the  influenke  of  exhaustion  of  the 
medium and accumulation of metabolic and disintegration products 
upon multiplication and involution, could be obtained by experiment. 
A  series  of  tu.bes  containing  the  glucose-sheep-serum  agar  was  inoculated 
with  the  diplococcus  by  smearing  the  slanted  surfaces  with  a  recent  culture. 
After  twenty-four  hours'  growth  at  37 °  C.,  the  surfaces  were  washed  with  suc- 
cessive quantities  of  sterile  salt  solution.  Some  of the  tubes  were  now  returned 
to  the  thermostat,  and others were  returned  after the  surfaces  had  been covered 
with a  layer of sheep-serum water and then drained  free of the excess.  Previous 
tests had  shown me  that the  diplococcus  does  not grow  in  sheep-serum  water to 
which  glucose  has  not  been added.  Examination  of  the  cultures  twenty-four to 
forty-eight hours  later showed  that growth  had taken place  in  all  the tubes,  was 
less  abundant than  in the  first  instance,  and  presented  a  filmy,  granular  appear- 
ance.  Microscopically, typical diplococci were present;  at the expiration of forty- 
eight  hours  in  the  thermostat,  the  number  of  involution-forms  was  large.. 
Owing  to  the ease and  rapidity with  which the  diplococcus can 
be made to undergo dissolution  (see below),  its  soluble disintegra- 
tion  products  are  readily  obtained.  These  products  were  tested 
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The  large  flat  surface  of  medium  in  a  one-pint  Blake  bottle  was  inoculated 
with  a  culture  (654)  of Diplococcus iJztracellularis.  An  abundant  growth  was 
obtained in twenty-four hours.  About I5  c.c.  of sterile o.85 per cent. salt-solution 
were poured over the  surface, and  a  few drops of toluol  added.  The  bottle was 
returned to the thermostat until the next day, at which time an almost clear fluid, 
devoid of toluol, remained overlying the agar surface from which the growth had 
disappeared.  Cover-glass  preparations  showed  disintegration  of  all  the  cocci. 
The  fluid  was centrifugalized until  clear,  and  distributed to  melted glucose agar 
as  follows: each tube  contained 8  e.c.  of the melted agar  (cooled to 60  °  C.)  to 
which were added o.5  c.c.,  o.8 c.c.,  I.O c.c.,  1.5  c.c.  and 2.0 c.c.,  respectively, of the 
"extract"  of  the  cocci.  The  tubes  were  allowed  to  cool  in  the  slanting posi- 
tion  and  each  was  inoculated  with  a  vigorous  culture  (656)  of  the  diplococcus. 
The  tabulation  shows the  result.  First  observation after twenty-four hours. 
Quantity of Extract.  I  Visible  Growth.  Microscopical  Examination.  Subsequent  History. 
0. 5 c.c.  Moderate.  Pale  staining,  relatively  Spread over surface. 
large,  Gram  neg. diplo- 
cocci. 
0.8 c.c.  None.  Re-inoculated  with 
fresh culture. 
I.o c.c.  Moderate.  Pale  staining,  relatively  Spread over surface. 
large, Gram  neg. diplo- 
cocci. 
I. 5 c.c.  None.  Re-inoculated. 
2.0 c.c.  None.  Re-inoculated. 
The  second observation was  made  at  the  expiration of  a  second twenty-four 
hours.  The  spread  colonies  now  yielded  an  abundant  growth;  the  re-inocu- 
lated tubes  all gave growths in  separate colonies which,  on  microscopical exam- 
ination,  showed vigorous cocci except in  case of the  tube  receiving e  c.c.  of the 
"extract"  in  which  the  dozen  colonies  of  diplococci  presented  a  swollen  and 
involutional appearance.  At the lapse of another twenty-four hours, all  the cul- 
tures had begun to degenerate or showed more advanced degeneration, the latter 
being most marked  in the tube with 2  c.c.  of the "extract."  Transplantations to 
fresh serum-agar surfaces gave growths in  all  instances. 
From these observations,  it  would appear as  if the brief vitality 
of the cultures grown outside the body is not to be ascribed directly 
to the exhaustion of the medium of growth, or the accumulation of 
injurious  products  of ~rowth,  in  the  short  period  of  twenty-four 
to  forty-eight hours.  It  may be  safely stated that  the quantity of 
disintegration products added to the tubes in the form of "extract" 
greatly exceeded the  possible  accumulation under  ordinary  condi- 
tions  of cultivation.  The  higher  concentrations  of  the  "extract" 
undoubtedly  inhibited  the  growth,  and  exerted  an  harmful  influ- 110  Biology of Diplococcus intraceUularis. 
ence on the morphological appearances of the diplococci.  But as the 
cultures  could  still  be  transplanted  successfully  at  the  expiration 
of forty-eight to seventy-two hours, at which period the experiment 
was  terminated,  they may be  taken  to  have  retained  their  vitality 
quite unimpaired. 
It has been observed repeatedly that cultures of Diplococcus intra- 
celIularis tend to survive longer when kept constantly at the thermo- 
stat temperature  than  when kept at  varying room  temperatures,  or 
in the ice box.  That cultures tend to die quickly when placed in the ice 
box  was  noted  accidentally  by me  early  in  this  investigation.  A 
series  of  tests  was  carried  on  in  order  to  determine  whether  any 
differences  could be noted  depending,  first,  upon  the  concentration 
of the suspension  of cocci kept  on ice,  and  next,  upon  intermittent 
variations  in  temperature  between 37 °  C.  and  2 °  C.,  as  compared 
with  a  constant  thermostat  and  refrigerator  temperature. 
Two heavy suspensions  in salt  solution of diplococci  (596  and  598)  were kept 
in the refrigerator,  at a temperature of about 2 °  C., for five days, at the expiration 
of which time vigorous and  abundant  growths  were still obtained on transplanta- 
tion.  This  result  has  an  interesting bearing on the  influence of concentration  of 
the  suspension  of  the  cocci on  their  disintegration  at  higher  temperatures. 
Three tubes containing vigorous twenty-hour-old cultures  of diplococcus  (656) 
were  treated  as  follows:  (a)  .was  kept  constantly  at  37 °  C.,  (b)  was  alternated 
daily  between  the  thermostat  and  refrigerator  (2  °  C.),  and  (c)  was  kept  con- 
stantly  in  the  refrigerator.  Experiment  began  November 8.  First  transplanta- 
tion  November  IO.  (a)  and  (b)  abundant  growths;  (c)  moderate  growth. 
Second  transplantation  November  12.  (a)  and  (b)  good  growths;  (c)  small 
number  of  separate  colonies.  Third transplantation  November 13.  (a)  and  (b) 
good growths;  (c)  no growth. 
From  these  tests  certain  conclusions  can  be  drawn.  In  the 
course of growth  of the  diplococcus, the  medium  (if  solid)  is not 
exhausted  of  all  nutritive  value  for  the  coccus  in  twenty-four  to 
forty-eight  hours;  and  the  products of disintegration  of the diplo- 
coccus  are  inhibitive  to  further  multiplication  of  the  coccus  only 
when  they have  accumulated  in  large  quantities.  It  would  indeed 
appear  as  if  such  an  accumulation  of  growth  products  as  to  pre- 
vent  further  development  could  probably  not  occur  in  the  course 
of  ordinary  vegetative  existence  of  the  organism;  and  it  is  safe 
to infer  that  the  short  vitality of the  coccus in  cultures  is not  due 
directly to the injurious  action  of these substances.  The  tests  fur- Simon  Flexner.  111 
ther bring  out  the  fact  that  a  fresh  and  vigorous  culture  upon  a 
slanting solid  surface succumbs quickly when kept constantly at  a 
temperature just above zero, and is less injured by the wide varia- 
tion of temperatures between 2 ° C.  and 37 ° C.  It could, therefore, 
be  shown  that  cold  is  inherently  injurious  to  the  cocci,  and  the 
injury is  inflicted not at  once that the low temperature is  reached, 
or equally upon the cocci exposed to it.  This fact has an important 
bearing upon  the enzymotic activities  of the  diplococcus to  be  de- 
scribed  presently.  In  view  of  the  ease  and  certainty with  which 
solid  cultures  are  destroyed  by  cold,  the  greater  resistance  dis- 
played by highly concentrated suspensions of the cocci in salt solu- 
tion is noteworthy.  Salt solution, even when changed with washings 
from the surface of a  solid medium, probably does not permit any 
multiplication of the  diplococci; besides  which any increase is  ex- 
cluded, in this experiment, by the low temperature.  That so many 
of the cocci survived in the strong suspensions may be due merely 
to greater vitality of a  small number of the cocci, or it may, on the 
other hand, be due directly to  the concentration of the fluid which 
conceivably exercises  a  protective  influence.  This  factor  of  con- 
centration of suspension of cocci is very important in respect to the 
preservation of the  cocci under  the  conditions of higher tempera- 
ture when enzymotic action may be presumed to come actively into 
play,  and  hence it  was  desirable to  determine whether it  played a 
really important part at the lower temperatures. 
A  milky suspension of  a  culture  "Smith,"  twenty  hours  old,  on  sheep-serum 
agar was  made  in  salt solution.  The  suspension was  divided  in three parts  and 
used  /or an  experiment at 37 °  C.,  2 °  C.  and --5 °  C. 
The  first  experiment  to  be  related  was  made  at  2 °  C.  Three  tubes  were 
charged  with  the  suspension:  (I)  was  the  original  strength;  (2)  contained 
0.5  c.c.  of  the  original  suspension  and  I.O  c.c.  salt  solution,  and  (3)  contained 
o.I  c.c.  of the original suspension and  I.O c.c.  salt solution.  The first observation 
was made at the end of twenty-four hours.  Cover-glass preparations showed the 
cocci to be well-preserved in  (I), somewhat less sharply-staining in  (2)  and  (3). 
At the expiration of the second  twenty-four hour period,  at  which  time  cultures 
were  made,  cover-glass  preparations  showed  in  all  the  tubes  a  moderate  reduc- 
tion  in sharpness of outlines and staining of  the cocci.  The  results  of the culti- 
vation  are  important.  (I)  showed  a  solid  growth  of  diplococci  covering  the 
midportion  of  the  tube;  (2)  gave  sixteen  characteristic  colonies;  (3)  gave  no 
growth  whatever.  Approximately  the  same  volume  of  suspension,  but  not  the 
same number of  diplococci,  was  transplanted in each tube. 112  BTology of Diplococcus intraceUularis. 
The  deduction  from  the  previous  test  and  this  experiment  is 
obvious: cold is injurious  to the cocci and  destroys cocci in a  weak 
more  quickly  than  in  a  more  highly  concentrated  suspension.  It 
will  not  be profitable  to  discuss  at  this  juncture  whether  the  sur- 
vival  in the concentrated  suspension  is due directly to its numerical 
superiority  in  cocci or indirectly  to the  existence  of more  resistant 
cocci which,  as the whole number is more numerous,  are  also more 
numerously  represented.  In  even  the  weakest  suspension  (3),  the 
cocci transplanted  must  have been  innumerable. 
Still  further  depression  of the temperature  appears  to exert even 
a  greater  injury to the  cocci.  Suspensions  of the cocci which were 
placed,  at  the  same  time,  at --5 ° C.  failed  entirely  to  grow  when 
transplanted,  forty-eight  hours  later,  to  a  favorable  medium,  al- 
though the morphological changes in the cocci were relatively slight. 
It  was  stated  that  salt  solution  is  not  a  medium  of growth  and 
multiplication  of  the  cocci.  A  series  of  tests  was  made  with  salt 
solution  and  other  media  in  order  to  determine  the  fate  of  the 
diplococci  introduced  into  them.  The  details  of  the  experiment 
need not,  perhaps,  be given.  A  strain  of the diplococcus, which by 
reason of long iultivation  outside the body was able to grow feebly 
on  plain  agar,  was  employed.  Salt  solution  (o.8 5  per  cent.),  dis- 
tilled  water,  and  sheep-serum  water  were  inoculated  with  small 
quantities  of  the  culture  and  examined  twenty  hours  later.  The 
salt  solution  and  distilled  water  showed  diplococci  in  a  good  state 
of preservation;  the  sheep-serum  water  showed  no  diplococci.  At 
the  expia:ation  of the  next  twenty-four hours,  those  in  the  distilled 
water were in  part  fragmented  and  decolorized,  those  in  the  other 
media remaining unchanged.  Growths could not be recovered from 
any of the fluids. 
The  observation  of  the  persistence  of  the  diplocoeci  in  a  dead 
state in  salt solution and water  for about  forty-eight hours  without 
suffering dissolution  is interesting  when  compared  with what takes 
place,  under  similar  conditions,  when  the  suspensions  are  heavier. 
I  had observed, in the course of experiments on the virulence of the 
diplococcus  that  a  concentrated  salt  suspension  tended  to  go  off 
in virulence  for guinea-pigs  in  a  few hours,  and,  as compared  with Simon  Flexner.  113 
the  state  of  preservation  of  solid  cultures  of  the  same  age,  they 
were  more  advanced  in  involution.  This  observation  led  me  to  a 
study of the influence of concentrations  of salt suspension upon the 
vitality and  destruction  of the  diplococcus,  which  gave some  inter- 
esting results. 
If  a  fresh  culture,  on  a  favorable  medium,  is  suspended  in  salt 
solution  to  a  milky  mixture,  and  the  latter  is  kept  at  37 ° C.,  the 
greater number of the cocci introduced will be so degenerated at the 
end  of  twelve  to  fourteen  hours  as  to  be  almost  unrecognizable. 
As the suspension  is diluted progressively,  the degree of degenera- 
tion  and  disintegration  diminishes.  The  relative number  of diplo- 
cocci which  survive in  these suspensions can  be determined  by cul- 
tures  at any period.  A  single experiment  will be given  here. 
A  milky  suspension of culture  (61o)  was  made  in  salt  solution.  Microscop- 
ical  examination  showed  innumerable  diplococci  of  characteristic  appearance. 
A  series  of  test  tubes  were  charged  as  follows  and  placed  in  37 °  C. 
(I)  Original suspension.  Micro.  exam. after  24  hours ;  After  48  hours :  no  coccal 
disintegration,  s h a d o w s,  forms "preserved. 
fragments. 
(2)  Original suspension I.o 
c.c.;  salt sol.  I.O c.c. 
Micro.  exam.  after  24  hours: 
disintegration  slightly  less 
than ( I ). 
Micro.  exam. after  24  hours: 
After  48  hours:  some  shad- 
1  owy coccal forms. 
(3)  Original suspension 0. 5  Micro.  After 48 hours :  shadows and 
c.c.;  salt sol.  I.O c.c.  disintegration less than (2).  deep staining cocci  remain. 
(4)  Original suspensiono. I  Micro.  exam. after  24  hours: I After 48 hours :  bestpreserva- 
c.c.;  salt sol.  1.o c.c.  many shadows, no  fragmen-  tion of series. 
tation. 
Cultures  made  on  sheep-serum  agar  from  the  supensions  kept  at  37 °  C.  for 
twenty  hours  gave:  Original  suspension  =  no  growth;  dilution  (2)  =  twelve 
separate  diplococcus  colonies;  dilution  (3)  =  large number of separate  and con- 
fluent colonies;  dilution  (4)  z  two  hundred separate colonies. 
If this  experiment,  which  was carried  out at the thel-mostat  tem- 
perature,  be compared with  the one similar  to it  in all  respects,  ex- 
cept that  the suspensions were kept two degrees above the  freezing 
point,  it will  be seen  at  once  that,  however the  salt  solutions  may 
affect the viability of the diplococcus, the influence of concentration 
on  the  viability,  is  diametrically  different  under  the  two  sets  of 
conditions  given.  In  other  words,  at  the  lower  temperature  more 
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sions, while at the higher temperature, more of them survive in the 
weaker than  in  the higher concentration.  A  glance at  the micro- 
scopical  preparation  gives  a  clew  to  this  difference  of  behavior: 
while at the refrigerator temperature the diplococci are not  mark- 
edly  disintegrated,  at  the  thermostat  temperature  degree  of  dis- 
integration  and concentration go  hand  in  hand.  Hence, while the 
diplococci may lose  capacity to  grow without  losing,  at  the  same 
time,  their  form  and  staining  reactions,  it  is  probable  that  once 
these latter are lost,  viability is  also lost.  Cold,  like salt  solution, 
is  inherently hurtful to Diplococcus intracellularis; but,  besides the 
injury  which  the  salt  solution  alone  inflicts,  another  detrimental 
factor comes into action at the thermostat temperature. 
Before  considering  this  factor,  the  question  of  the  manner  in 
which the salt solution acts may be taken up.  It must be borne in 
mind  that  as  compared  with  the  salt  strength  of  the  medium on 
which the diplococcus is cultivated, the o.85 per cent. salt solution is 
hypertonic.  A.  Fischer  5 has  shown  that  passage  from  weak into 
more  concentrated  salt  solution  produced  in  bacteria  sometimes 
plasmolysis, sometimes plasmoptysis, and sometimes neither of these 
changes.  Does, therefore, the change of medium in this case bring 
out  plasmoptytic alterations  of the  diplococci?  Three  facts  speak 
against  the  changes  described  as  being  plasmoptytic.  The  first 
is the influence of concentration of the bacterial emulsion, the second 
is the effect of low as compared with higher temperatures, and the 
third, now to be described, is the influence of a  salt solution of o. 9 
per cent.  concentration containing calcium and potassium chloride. 
If suspensions of the diplococcus are made in Ringer's solution the 
viability of the coccus is  greatly prolonged  as  compared  with  the 
survival  in  the  salt  solution,  or,  what  is  even  more  remarkable, 
upon  the  sheep-serum agar.  A  series  of  Ringer's  solution's  sus- 
pensions  of  the  diplococcus  of  three  concentrations:  (I)  Milky 
suspension,  (2)  first suspension o.5  c.c.  and  Ringer's  solution  I.O 
e.c.,  (3)  first  suspension  o.I  c.c.  and  Ringer's  solution  I.O  c.c., 
kept  at  37 °  C.  survive  many days.  I  have observed that  on  the 
twelfth day a  considerable number of the diplococei in the original 
milky suspension was still  viable, a  smaller number was still  viable 
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in  the  suspension  of  medium concentration,  while no  growth was 
obtained  after  the  fifth  day  from  the  lowest  concentration.  All 
the diplococci had died out in the original suspension on the fifteenth 
day.  This  experiment  establishes  several  important  points:  it 
proves that the death of the diplococcus is not caused by hyperton- 
icity of medium alone, by starvation alone, by degree of concentra- 
tion  alone,  or by a  naturally brief  period  of  vitality.  If  frequent 
microscopical examinations of the suspensions in  Ringer's fluid are 
made a  gradual  dissolution  of the diplococci can be made out,  but 
the disintegration progresses slowly, as compared with the effect of 
salt  solution,  and  the  sharp  distinction  between the  different con- 
centrations is lost.  I  have noticed in those suspensions which gave 
subcultures  a  change  in  appearance  of  a  number  of  the  diplo- 
cocci which may be connected with the power of survival.  These 
individuals,  which are somewhat larger than the average, and take 
on  a  deep  safranin  stain,  displaying a  high  degree  of  refraction, 
exhibit a  greater resistance to the disintegrative influences.  I  had 
already  observed  these  morphological  forms  in  my  experiments 
upon  the destructive action of exudates upon  the diplococcus, and 
the question occurred to me whether they represent a more enduring 
type of the micro-organism.  I am unable, at present, to answer this 
question. 
A  simple  experiment  has  shown  that  the  addition  of  a  salt  of 
calcium to an otherwise suitable culture medium will greatly increase 
the period of viability of the diplococcus which has grown upon it. 
If calcium carbonate is added to the sheep-serum water agar, a given 
culture will survive many weeks.  A  rough experiment showed that 
at the end of five weeks a  strain which otherwise survives,  on the 
medium minus the calcium salt,  only two,  three or  four days, was 
still  alive  and  able  to  yield  abundant  sub-cultures.  While  at  the 
end  of  five or  six  days,  the  original  cultures  show  no  preserved, 
but  only disintegrated diplococci; the growth on this  new medium 
two  weeks  old  still  showed  innumerable  diplococci  of  faint  stain- 
ing power. 
The  experiment at  37 ° C.  with  the  Ringer's  solution  indicated 
that the survival of diplococci was not necessarily in  inverse ratio 
to the concentration of the suspension, but was in ratio to the con- 116  Biology of Diplococcus intracellularis. 
centration.  In this  respect the influence of Ringer's  fluid is widely 
different  from  that  of  salt  solution,  and  agrees  with  the  effect of 
cold on the  survival of the diplococcus in  salt suspensions.  It  was 
deemed  desirable  to  ascertain  whether  cold,  as  such,  exercised  as 
injurious  an  influence  upon  the  diplococcus  suspended  in  Ringer's 
solution  as  it  was  shown  to  exercise  on  agar  cultures  and  on  salt 
suspensions.  Diplococci suspended in Ringer's  fluid and kept at 2 ° 
C.  survived  eight  to  ten  days,  which  is  about  three  times  as  long 
as they survived under the other conditions.  This  period  is behind 
that  of  survival  at  37 °  C.,  whence  it  follows that  cold  as  such  is 
more  injurious  than  warmth.  Diplococci  could  be  subeultured 
longer  from  the  stronger  than  from  the  weaker  suspensions  kept 
at  2 °  C. ; and  as  the  power to  grow  in  subcultures  was  lost  disin- 
tegration  of the  diplococci  was  observed to  take place extensively. 
Exceptions  to  this  rule  may  be  observed.  A  highly  concentrated 
suspension  in  Ringer's  fluid  of  a  vigorous  looking  diplococcus 
culture  failed,  in  one instance,  to survive 24 hours  at  2 °  C. 
It  must,  therefore,  be concluded that  salt  solution  is  directly  in- 
jurious  to  Diplococcus  intracellularis,  as  it  has  been  shown  by 
Jacques  Loeb  6  and  others  to  be  poisonous  to  many  animal  cells; 
and  it nmst be belived that  the  toxic effects of sodium chloride can 
be  neutralized  by  certain  calcium  and  potassium  salts.  Although 
the salt solution causes directly the death of the diplococci, it would 
appear that  it is not to it, but to some other agency,  to which must 
be  ascribed  the  disintegration  which  rapidly  overtaxes  the  dead 
micro-organisms. 
The  nature  of  this  agency  is  rendered  fairly  evident  from  the 
microscopical  appearances  presented  by  the  suspensions:  it  would 
seem to be enzymotic.  The manner  of dissolution of the diplococci 
suggests this, and the enzyme is doubtless contained in the bacterial 
cells.  As  enzymes act  with  energy  not  upon  highly  vitalized,  but 
upon dead or partly devitalized cells,  the question arises whether  in 
the  case  of  the  diplococcus  the  enzyme  can  act  immediately  as  a 
devitalizing  as  it  can  as  a  dissolving  agency.  It  has  been  shown 
that  in weak salt suspensions the diplococci survive and  retain  their 
morphological  integrity  longer  than  in  stronger  suspensions;  and 
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hence, it may be conceived that while the charges of enzyme which 
individual diplococci carry may be inadequate both  to destroy and 
to disintegrate them, that in the more concentrated suspensions the 
enzyme  liberated  from  a  larger  number  of  disintegrating  micro- 
organisms,  may exert  a  devitalizing  effect.  The  intracellular  en- 
zyme is,  therefore,  a  dissolvent  of  dead  diplococci,  and  in  certain 
states of concentration a  poison  for living ones. 
The action of the enzyme upon the bacterial cells .can be acceler- 
ated by the employment of chemical and physical agents which serve 
to kill  the diplococci without,  at  the same time,  seriously injuring 
the enzyme.  Heat,  carefully applied,  and toluol have been used to 
accomplish  this  purpose.  Suspensions  of  the  diplococcus  heated 
for thirty minutes to  the temperature of 6o ° C.  are killed and still 
capable  of  undergoing  disintegration  or  autolysis.  The  ultimate 
result is the same whether the suspension has been made in  salt or 
Ringer's solution; while in point of rapidity the dissolution is some- 
what  slower  than  in  strong  unheated  suspensions  in  salt  solution. 
Heating to 65 °  C.  and higher temperatures, reduces the capacity of 
the  diplocoecus to  undergo  rapid  disintegration,  probably  becau:~e 
the enzyme is  weakened or destroyed. 
If to a  strong salt suspension of the diplococcus toluol be added 
and the mixture kept at 37 ° C., the morphological changes indicative 
of autolysis begin  to  be  evident in  one hour,  to  be pronounced in 
two hours,  and nearly complete in  four hours.  Ringer's  fluid has 
no marked influence on this  form of autolysis.  It is interesting to 
note that  the  degree of concentration of the suspension  influences 
the result in the presence as in the absence of toluol.  Even the most 
concentrated salt suspensions alone do not show appreciable changes 
in the morphology of the diplococcus at the expiration of four hours 
at 37 ° C.  The tabulation which follows brings out the main facts. 
If Series I  and II in the succeeding tabulation  are closely scruti- 
nized, such differences in degree of disintegration can be made out 
as to indicate that toluol not only accelerates autolysis of the cocci, 
but it tends also to make it more complete and to minimize, but not 
to  set aside entirely, the effect of the degree of concentration upon 
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A  milky  suspension of diplococcus  (656),  showing under  the mircroscope  in- 
numerable  diplococci,  was  rwepared.  Series  I  consisted  of  salt  suspensions  of 
cocci  alone,  Series  II  of  salt  suspensions  to  which  toluol  was  added.  The  exa- 
amination  was  made  after  eighteen  hours  at  37 °  C. 
SER1ES  I. 
Original suspension.  Extensive disintegration;  small  number  of 
coccal forms still visible. 
Original  suspension,  I.o  e.e.;  salt  sol.  I.O  Less disintegration than previous one. 
C.C. 
Original  suspension, 0. 5  c.c.;  salt  sol.  Lo  Less disintegration than previous one. 
C.C. 
Original  suspension, o.2  c.c.;  salt  sol.  1.o  Fair degree of preservation of cocci. 
C.C. 
Original  suspension,  o.I  c.e.;  salt  sol.  I.o ~  About  same  degree of preservation  as  pre- 
c.e.  I  vious one. 
SERIES II. 
Original suspension q- toluol.  Complete disintegration. 
Original  suspension  I.O  c.c.;  salt  sol.  I.o 
c.c. +  toluol. 
Original  suspension 0. 5  c.c.;  salt  sol.  I.o 
c.c. @ toluol. 
Complete disintegration. 
Disintegration incomplete; pale and  irregu- 
lar coccal forms visible. 
Original  suspension  o.2  c.c.;  salt  sol.  1.o  Somewhat better  preservation than  previous 
c.c. @ toluol,  one. 
Original  suspension  o.I  c.c.;  salt  sol.  I.O  Better preservation than previous one. 
c.c. -}- toluol. 
Jacques  Loeb  7 has  drawn  attention  on  several  occasions  to  the 
restraining  influence  of  potassium  cyafiide  upon  intracellular  en- 
zymotic  activity.  The  diplococcus  offered,  therefore,  the  oppor- 
tunity  to  study  the  effects  of  this  chemical body  upon  an  active 
autolytic ferment under the conditions of purity of culture of micro- 
organic cells--conditions probably not  obtainable  with  the cells  of 
higher living forms. 
The  experiments were made with  different strengths  of the cy- 
anide  and  suspensions  of  the  diplococci.  Potassium  cyanide  in 
i/2oo  per cent.  solution  kills  the diplococci outright.  If now  the 
diplococci,  in  watery suspensions,  are  left  in  contact with  the cy- 
anide, either with or without the addition of toluol,  the organisms 
do not  disintegrate,  and  suffer only reduction  in  their affinity for 
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dyes.  That  enzyme activity  is  not  wholly  suppressed  by  the  cy- 
anide would seem to be indicated by the better state of preservation 
of the cocci in the dilute suspensions.  The tabulation  (Series III) 
brings  out  this  difference.  The  suspensions  and  examination  of 
the  diplococcus were made at  the  same  time as  those  of  Series  I 
and II of the preceding tabulations. 
SERIES  III. 
KCN 1/20~  I.O C.C., susp. Cocci I.O C.C.  Outlines  of  Cocci  pale  but  visible ;  possibly 
reduction in numbers. 
KCN x]2o%  1.0 c.c., susp. cocci 0. 5 c.c.  Fair  preservation of the  cocci ;  no  reduction 
in numbers. 
KCN I[20~  I.O c.c., susp. cocci 0.2 c.c.  Good preservation of the cocci. 
KCN  I[2O%  I.O c.c., susp. cocci o.I c.c.  Very good  preservation ;  outline of cocci not 
perfectly distinct. 
KCN I/2O~  I.o c.c., susp. cocci o.oi  c.c.  The same as previous one. 
This  experiment  shows  that  potassium  cyanide  possesses  the 
power of preventing or diminishing autolysis of the dead diplococci. 
In  the case  of the higher concentrations it  is  even possible  that  a 
greater quantity of the cyanide may have wholly suppressed autoly- 
sis.  Doubtless  many other chemical agents  possess  this  power  of 
suppressing autolysis of the diplococcus ; and hence it was necessary 
to  ascertain  whether  the  removal  of  the  cyanide  will  admit  the 
enzyme to reassert its enzymotic action, as, according to Loeb, hap- 
pens  in  the case of the eggs  of tile  sea-urchin.  If,  therefore,  the 
cyanide acts  by holding the  enzyme in  check and  not by destroy- 
ing it,  or  changing  the  cell-substance,  so  as  to  make  it  perma- 
nently resistant to  the action of the enzyme, the diplococci should 
be  restored  approximately  to  their  normal  condition  of  autolysis 
upon the removal of the cyanide. 
Ten  cubic  centimeters  of a  strong  suspension of the  diplococcus  in salt  solu- 
tion were mixed with one cubic centimeter of a  one twentieth per cent.  potassium 
cyanide  solution,  and  the  mixture  kept  at  37  °  C.  for  one  hour.  The  cocci  and 
fluid  were  separated  by  centrifugalization  and  the  coccal  residue  washed  twice 
with  IO  c.c.  of  salt  solution.  The  sediment  now  showed  a  large  number  of 
well-preserved,  deeply-staining  diplococci.  The  sediment  was  resuspended  in 
salt  solution  and  divided  into  two  portions,  to  one  of  which  toluol  was  added. 
They  were  placed  at  37  °  C.  and  examined  at  the  end  of  twenty-four  hours  and 
forty-eight  hours.  No  marked  difference  was  noticed  in  the  toluol  and  non- 120  Biology  of Diplococcus  intracellularis. 
toluolized specimen.  The  diplococci appeared reduced in  number, evident dis- 
integration was in progress, and  the sharpness of staining had been lost at  the 
first  examination.  At  the  second examination,  the  staining was  still more 
feeble, but no other change was noticeable. 
From  the  experiments,  it  can  be stated  that  the  diplococci,  after 
treatment with the cyanide can be partially restored to their previous 
state  of autolysis.  The  experiment  is  not  conclusive  of the  actual 
degree of restoration  possible,  since the  disintegration  of  the  cocci 
was  incomplete  in  the  experiment.  The  concentration  of  the  re- 
suspension,  which was not high,  may explain  the  imperfect disinte- 
gration.  It  would,  indeed,  be possible  to  conduct  this  experiment 
quantitatively  and  ascertain  the  degree  of  permanent  injury  exer- 
cised  by  the  cyanide  upon  the  diplococcus;  but  the  object  of  the 
experiment  in  establishing  the  restraining  action  of  potassium  cy- 
anide  upon the  autolytic  enzyme,  and  the possibility of setting  this 
action  aside  by mechanical  removal  of the  poison,  was  attained  by 
the imperfect experiment. 
The existence of an autolytic enzyme in Diplococcus  intracellularis 
capable of destroying its own cell-substance having now been estab- 
lished,  the next step was to ascertain  whether  the  enzymotic action 
was  specific and  limited  to  the  diplococcus,  or  whether  it  could be 
exerted upon other bacterial cells.  It is known that  the diplococcus 
does not  produce a  proteolytic enzyme  acting  upon  and  dissolving 
gelatine  and  coagulated  serum.  Hence,  its  enzyme  differs  materi- 
ally  from  the  enzymes  secreted  by certain  liquefying  bacteria.  It 
seems  quite  certain  that  the  rapid  and  striking  morphological 
changes  taking  place  in  cultures  of the  diplococcus are  caused,  di- 
rectly or indirectly,  by the intracellular  enzyme;  and  it may,  there- 
fore,  in  view  of  this  fact  and  the  related  ones  already  described, 
be presumed that  the diplococcal enzyme is able to break  down the 
complex  structures  contained in  living  micro-organisms. 
The enzymotic action of the diplococcus was tested upon the two 
classes of bacteria  represented  by those staining  and  those decolor- 
izing by Gram's method.  Among the latter,  Bacillus  typhosus, Ba- 
cillus  coli  communis,  Bacillus  pyocyaneus,  Micrococcus  catarrhalis 
and  two unidentified  Gram  negative  cocci  from  the  monkey's nose 
were  tested;  while  among  the  former  Staphylococcus  aureus  and 
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Tile  experiments  to  determine  this  point  were  made  in  the  fol- 
lowing  manner:  Fresh  growths  upon  agar-agar  surfaces  were  sus- 
pended  in  salt solution  to  a  milky emulsion  which  was  divided into 
two  equal parts.  To  one part an  equal  volume  of salt solution,  and 
to  the  other  the  same  volume  of a  milky suspension  of Diplococcus 
intracellularis  was  added.  Control  cover-glass  preparations  were 
made  immediately  and  double-stained  with  gentian-violet  and  sa- 
franin  (Gram's  method). 
Toluol  was  now  added,  and  the  tubes  placed  at  37 °  C.  under 
rubber caps.  The  examinations  were made by means  of cover glass 
preparations  (Gram's  method),  usually  at  twenty-four  hour  inter- 
vals.  A  few  detailed  results  follow. 
Non-Gram  coccus  from  monkey.  (a)  Controls:  Original  suspension  shows 
many  sharply-staining cocci,  single  and  in  pairs;  mixed  suspensions  of  coccus 
and diplococcus permit easy distinction by the morphological differences.  After 
twenty-four  hours:  Original  suspension  shows  no  solution  or  disintegration of 
the  cocci;  outlines  of  the  cocci  not  quite  sharp.  Mixed  suspension:  All  the 
diplococci have disintegrated; the larger cocci from the monkey have lost stain- 
abIe substance  and  have  run  together into  small masses  in  which  the  individual 
outlines  are  indistinct.  After  forty-eight  hours:  Original  suspension,  cocci 
somewhat  paler  and  cohering  slightly.  Mixed  suspension:  Reduction  in  num- 
ber  of  cocci;  those  remaining appear  as  shadows.  The  non-Gram  coccus  (b) 
gave results which  were almost identical with those of  (a). 
B.  typhosus  and  B.  coli communis  in  milky  suspensions  under  toluol,  are 
somewhat altered in appearance at tbe end of forty-eight hours  at 37 °  C.;  while 
in  the  presence  of an  emulsion  of  the  diplococcus,  such  as  was  used  with  the 
non-Gram  cocci  from  the  monkey,  they  are  completely  or  almost  completely 
destroyed in  this  period.  At  the  expiration of the  first  twenty-four hours,  the 
disintegration is advanced. 
Bacillus pyocyaneus.--The  control under toluol showed, at the end of twenty- 
four hours, no  reduction in  number,  but  less deep staining than  the  preparation 
made  immediately  after  suspension.  The  suspension  with  the  diplococcus 
showed,  at  this  time,  reduced  numbers,  and  only  shadowy  remains  of  bacilli. 
At  the  expiration of  the  second  twenty-four  hour  period,  the  control  tube  still 
showed  many  stainable bacilli  (number apparently less than  in  original suspen- 
sion),  while  the  mixed tube  containing the  two  organisms  was  completely dis- 
integrated. 
Two  cultures  of  Micrococcus  catarrhalis, which  were  found  to  be  quite  re- 
sistant  under  toluol, were  found to  disintegrate quickly  (in  twenty-four hours) 
under  the  influence of the  suspension  of the  diplococcus. 
Staphylococcus aureus.--Control  (under toluol)  showed no appreciable change 
after several days at 37 °  C.  The mixed suspension of staphylococcus and diplo- 
coccus  was  examined at twenty-four hour periods for five  days.  After twenty- 
four  hours,  there  is  reduction  in  numbers  of  the  staphylococci, although  many 122  Biology  of Diplococcus  intraceUularis. 
still  remain.  In size these  are  larger  than  in  the  control  tube, and  the  violet 
staining  is  less intense.  In  the  succeeding  days, the  number  of cocci  further 
diminished, the  cocci coalesced into  clumps, and  showed still further  reduction 
in  power to  hold  the  violet stain.  Here  and  there  throughout  the  preparation, 
transitions  from staphylococci holding  the  violet  stain  imperfectly  to  staphylo- 
cocci which  had  taken  up the  counter-stain  (safranin)  were  observed.  At the 
expiration  of  the  experiment,  not  all  the  staphylococci had  disappeared  or  had 
been decolorized. 
Anthrax  bacillus twenty  hours  old  on  slant  agar;  no  spores visible.  Sus- 
pended  as  before:  First  observation  after  twenty-four  hours.  Control  (under 
toluoI):  Partial  and  moderate  degree  of plasmolysis.  The  threads  and  felted 
masses  of  bacilli show  clearly  an  outer-stained  (safranin)  cell-wall and  an 
inner-stained  (violet)  cell-substance.  The  inner  substance  is  somewhat  frag- 
mented and irregularly contoured.  Mixed suspension : Advanced plasmolysis and 
loss, in high degree, of Gram-staining inner substance.  The outer cell-membrane 
is  completely  gone  in  many  places,  and  the  fragmented  or  partially  dissolved 
inner  substance  lies free.  Second  observation,  after  forty-eight  hours:  Con- 
trol  unchanged.  Mixed  suspension:  Practically  complete decolorization  of the 
threads,  with  very  few  fragmented  remains of  violet-staining  inner  cell-sub- 
stance.  8 
It  is  established  by  the  foregoing  series  of  tests  that  the  enzy- 
motic action  of  the  diplococcus can  be  exercised  on  a  considerable 
variety  of  bacteria,  and  the  observations  are  not  without  interest 
as  indicating that micro-organisms, such  as Staphylococcus  aureus, 
Bacillus  anthracis,  and  Bacillus  pyocyaneus,  in  spite  of  their  en- 
ergetic  proteolytic  functions,  show  less  power  to  cause  disinte- 
gration  of  their  own  protoplasm  than  is  effected  by  Diplococcus 
intraceUuIaris.  This difference points to a  distinction between auto- 
lyric and proteolytic bacterial enzymes.  The above tests also showed 
that a  great difference exists  in regard to the ease and completeness 
with  which  this  hetero-disintegration  of  bacterial  cells  is  produced 
by the  diplococcus.  Of the bacteria studied  which  were  at  all  sub- 
ject  to  the  enzyme Staphylococcus  aureus  offered  the  greatest  re- 
sistance;  and  I  think  it  not  improbable  that  the  Gram-positive 
bacteria in general may prove to be less readily broken down by the 
diplococcus enzyme than the Gram negative bacteria2  Eventually, the 
bacteria which produce proteolytic enzymes, and, indeed other bacte- 
ria, suffer more or less complete disintegration.  In the case of Bacillus 
S  The  destruction  of  Staphylococcus aureus was  incomplete, the  change  in 
Bacillus anthracis was one of degree of disintegration;  the  changes in the  other 
bacteria  were more striking.  No effect was noticed in tests  with Bacillus tuber° 
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pyocyaneus, in salt suspension in  toluol, the time required for dis- 
integration is, at most, a few days.  But the slower forms of involu- 
tion  and  degeneration observed  in  artificial  cultures,  may or  may 
not be of the nature of the autolytic changes described.  These in- 
volutional alterations are probably of extremely subtile nature; but 
even here enzyme activities  of  quite  low  grade  may be  the  chief 
agencies at work. 
The  heat lability of the enzyme has  been  studied  in  two  ways. 
First,  the temperature at which the diplococcus is prevented from 
undergoing  characteristic  autolysis  was  determined.  Next,  the 
The  suspended  contents  in  sheep-serum  water  of  surface  growths  from  two- 
pint  Blake  bottles  were  distributed  among  ten  test  tubes;  each  tube  received 
about  6  ¢.c.  The  tubes  were,  with  the  exception  of  the  controls,  heated  for 
thirty  minutes  to  temperatures  ranging  from  55 °  C.  to  90  °  C.  Cultures  were 
made  to  determine  whether  any  diplococci  remained  viable.  Only  the  control 
(unheated)  tubes  gave  growth.  Cover-glass  preparations  were  made  from  the 
control  tubes,  and  from  the  heated  tubes  immediately  after  heating  and  at  the 
subsequent periods.  The  tabulation  gives  the  results: 
Suspension.  lrnmed. Microscop.  Microscop. Appearance 24 Hours  Sedimentation After 
Appearance.  Later.  3 Days. 
Control.  Well - .p r e s e r v e d  Marked  degeneration ;  diminu-  Cloudy ; no sediment. 
coco.  tion of cocci. 
Toluol control  Well-.preserved  A  few minute,  pale  fragments  Almost  clear;  no 
coco.  remain,  sediment. 
55°C.  Cocci  stain  less  Some  cocci  preserved;  many  Almost clear;  mod. 
sharply,  shadows and fragments,  sediment. 
6o°C.  Cocci  stain  1 ess  Some  cocci  preserved;  man  Almost clear ;  rood. 
sharply,  shadows and fragments,  sediment. 
65°C.  Some  frag.  and  Somewhat  more  fragmentation  Almost transparent ; 
decol, cocci,  than at  55°C.  much sediment. 
7ooC.  Some  frag.  and  Forms  better preserved than  at  Almost transparent; 
decol, cocci.  65°C.  much sediment. 
75°C.  Some decolorization.  Preservation very good.  Almost transparent ; 
much sediment. 
8o°C.  Considerable  frag-  Preservation good, but much ir-  Almost transparent ; 
mentation,  regularity in staining,  much sediment. 
85°C.  Frag. and  apparent  Staining deep ;  no shadows ;  ir-  Almost transparent ; 
d i m i n u  t i o n  regular forms,  much sediment. 
in number. 
9o°C.  Frag.,  diminution  Forms pale ;  no further diminu-  Almost transparent ; 
in  number;  de-  tion.  much sediment. 
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temperature  required  to  render  the  autolysate  of  the  diplococcus 
inactive upon other bacterial species was ascertained. 
A  temperature of 55 ° C.,  maintained  for thirty minutes,  kills the 
diplococcus,  but  it  does  not  suffice to  remove  its  capacity  for  self- 
digestion.  Even  after  exposure,  for  the  same  period,  to  a  tem- 
perature  of 6o ° C.,  the  diplococcus  undergoes  autolysis.  This  test 
was  several times repeated with  different strains  of the  diplococcus 
and autolysis was always observed to occur, although somewhat less 
quickly  and  perfectly  than  in  unheated  coccal  suspensions  under 
tuluol.  Toluol  accelerates,  I  believe,  dissolution,  by  causing  plas- 
molysis and  thus promoting the disintegrative effect of the enzyme. 
The  thermal  death  points  of  cocci  and  enzyme  are  widely  sepa- 
rated.  Temperatures of 4 °o C.  to 45 ° C.  are capable,  if maintained 
some  hours,  of  killing  the  diplococci,  while  the  enzyme  does  not 
suffer  injury  under  the  same  conditions.  Temperatures  of  65 ° C. 
and upwards,  while causing more or less immediate plasmolysis  (or 
plasmoptysis)  prevent  further  disintegration  due  to  a  vigorous 
action  of the enzyme.  As  the tabulation  indicates,  two  criteria can 
be  used  to  determine  the  point  of  heat-destruction  of the  enzyme: 
first,  the  degree of dissolution  shown  by the microscope,  and  next 
the  amount  of  sediment  appearing  in  the  tubes.  The  two  effects 
stand  in  a  quantitative  inverse  ratio  to  each  other.  The  greater 
the  amount  of  sediment,  the  smaller  the  amount  of  disintegration 
of  the  diplococcus  as  shown  by  the  microscope.  Hence  the  gross 
test is well adapted  to the study of the lability of the  enzyme, since 
it permits of the elimination of any error arising from mere physical 
or mechanical change in the diplococci. 
To ascertain  whether  the  temperature  at  which  self-dlgestion  of 
the  diplococcus  is  inhibited  represents  the  temperature  of  heat- 
destruction of the enzyme, another series of tests was made. 
The point  of heat  injury or  destruction  of the  enzymotie  fluid  was  deter- 
mined by preparing,  in pint Blake bottles, mass  cultures  of the diploeoccus and 
causing them  to autolyze at 37 °  C. for forty-eight hours in salt  solution  and  in 
water under toluol.  At the expiration  of this  period  the toluol  had  evaporated. 
The salt  autolysate  was distributed  in test tubes,  of which some were heated  to 
7o °,  8o  °,  9o °  and  IOO  °  C.  for thirty minutes,  and  some  remained  unheated.  A 
coagulum formed in the tubes heated to 9  °o and  IOO  ° C.  The watery autolysate 
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those  heated  to  9o °  and  IOO  °  C.,  which  became  transparent,  the  fluids  remained 
opalescent.  Twenty  hours'  growths  of  B.  coli  communis,  B.  typhosus  and  B. 
anthracis  were  suspended  in  Ringer's  fluid  to  milky  emulsions.  The  tests  were 
made  as  follows:  A  set  of  test  tubes  was  charged  with  the  unheated  salt  and 
water  autolysates  and  the  salt  autolysate  heated  as  described.  To  the  control 
tube  an  equal  amount  of  salt  solution  was  added.  An  approximately  equal 
amount  of  the  milky  bacterial  emulsion  was  now  placed  into  each  tube,  toluol 
was added,  and the mixtures bept at 37  °  C.  for forty-eight hours.  Two  examina- 
tions  at  tweny-four-hour  periods  were  made.  The  result  in  the  case  of  B.  coli 
communis  was  definite:  the  control  salt  suspension  showed  the  bacilli  swollen, 
pale and shadowy,  but not disintegrated;  the salt and  water unheated autolysates 
showed  complete  disintegration  of  the  bacilli;  the  autolysate  heated  to  70  °  C. 
was scarcely to be distinguished in effect from the unheated; while the autolysates 
heated  to  80  °  C.  and  higher  produced  about  the  same  degree  of  change  as  the 
salt  control.  The  result  in  the  case  of  Bacillus  typhosus  was  disappointing,  as, 
in  this  experiment,  the  salt  control  as  well  as  the  auto|ysate  mixtures  disinte- 
grated  completely.  A  perceptible difference was  manifest  in  the  degree  in  which 
Bacillus  anthracis  disintegrates  in  toluolized  salt  solution  and  in  a  mixture  of 
equal parts of  salt and Ringer's  solution.  The  addition of the latter reduced the 
spontaneous  disintegration.  In  like  manner  the  unheated  autolysates  are  less 
active destructive agents  where  Ringer's  fluid  is present,  as  compared  with  their 
action  in  plain  salt  solution.  And  yet  the  disintegration  was  greater  when  the 
unheated  autolysate  was  present.  The  antolysate  heated  to  7o  °  C.  and  8o  °  C. 
produced  less  change,  and that heated  to  9o  °  C.  and  Ioo  °  C.  still less,  than took 
place  in the unheated salt and Ringer's fluid  control. 
While this experiment is not perfectly sharply cut, it yet indicates 
that  heating the  fluid  autolysate  to  7  °0 C.  and  above  reduces its 
powers of causing disintegration of certain bacteria. 
PATHOGENICITY OF  THE  DIPLOCOCCUS. 
Diplococcus intracellurais is,  as  tested on  laboratory animals,  a 
micro-organism  of  low  and  variable  pathogenic  action.  I  have 
studied  its  action  upon  mice,  guinea-pigs,  rabbits  and  monkeys. 
Different  strains  of  the  diplococcus  were  injected into  different 
regions of the body to determine the  fatal doses and the patholog- 
ical  effects produced by the  micro-organism.  In  the  case  of  the 
monkey the  inoculations were made directly into the spinal  canal, 
in  order to  reproduce the symptoms and  lesions  of cerebro-spinal 
meningitis  in  man.  The  experiments  to  be  related  immediately 
refer to the action of the diplococcus  upon the animals mentioned, 
except the monkeys.  The experiments on monkeys form the sub- 
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A  considerable number  of  strains  of Diplococcus intracellularis 
have been tested  for virulence upon mice and guinea-pigs.  In  all 
the later experiments upon the virulence of the micro-organisms I 
preferred to  employ small  guinea-pigs,  as  being  more  susceptible 
to  the  action  of  the diplococcus.  The  difference in  resistance  to 
infection  in  guinea-pigs,  depending upon  weight,  is  considerable. 
Guinea-pigs  of  175  to  200  grams weight have proved highly sus- 
ceptible to the diplococcus, compared to the resistance displayed by 
pigs weighing 35 °  to 400 grams.  Mice of about  15 grams weight 
often  withstand  larger  doses  of  the  diplococcus  than  the  smaller 
pigs. 
Not all cultures of the diplococcus, even in the first generations, 
are even moderately pathogenic for guinea-pigs and mice, although 
it is  always possible to kill these animals by inoculating an  exces- 
sively large quantity of cultures  of low virulence.  Speaking gen- 
erally,  the  freshly isolated  cultures  are  much  more  virulent  than 
cultures  grown  for  a  period  on  artificial  media.  Occasionally,  a 
strain of the diplococcus will retain its virulence for many months, 
but,  as  a  rule,  this  power becomes  greatly diminished,  or  is  lost, 
after the first transplantations extending over a  few weeks.  I have 
worked with many cultures which deteriorated in a  few days, and 
one culture  (Smith)  that  retained its  virulence for many months, 
to lose it in the end, and another  (656)  that displayed no diminu- 
tion  in  activity  after  several  months  cultivation  on  sheep-serum 
agar.  The  " Smith"  culture  was  passed  through  many  mice, 
guinea-pigs  and  monkeys  during  its  active  period;  but  once  its 
power  was  lost,  it  could  not  be  restored  to  virulence by  passage 
through mice or guinea-pigs.  It still yields, however, by autolysis, 
an active extract and can be used as an adjuvant to increase activity 
of other living cultures. 
In any comparison of virulence little weight can, I  think, be laid 
upon  the  absolute  quantities  of  diplococci  injected.  The  animals 
are, on the whole, so refractory that the number of diplococci that 
must be injected to produce striking results is,  even with the most 
active cultures, very large.  Very little accuracy could in my work 
be secured through the use of a  standard oese, for the reason that 
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fluctuations, depending upon the strain of diplococcus, composition 
of the culture-medium, and other external factors.  9  Hence, I  sub- 
stituted for the oese a  suspension of the diplococci, incubated for a 
uniform period (usually 2o hours)  upon a standard medium (7 c.c. 
glucose-agar to  I  c.c. sheep-serum water).  The suspensions exhib- 
ited  a  degree of opacity which was  approximately equal.  Select- 
No. of Pig.  Weight in  Denomination and Quantity of  Result, 
Grams.  Culture. 
H 3  I65  o.!  c.c.  No. 654.  Survived. 
II 9  I60  0.2 e.c.  "  " 
IZZ  x77  0. 5  c.c.  "  Died 9  P.M.  same evening. 
I22  z92  o.I  c.c.  No.  88.  Survived. 
12 7  175  0.2 c.c.  "  Died. 
I28  I82  0. 5  C.C.  ~c  ~ 
I45  I97  o.I  e.c.  Buck.  Survived. 
I50  I95  0.2 c.c.  "  " 
x59  ZTo  0. 5 c.c.  "  Died. 
I6I  I65  o.I  c.c.  No.  9.  Survived. 
I62  I75  0.2 c.c.  "  " 
163  I66  0. 5 c.c.  "  " 
164  x6I  o. I  C.C.  Connolly.  Survived. 
166  190  0.2  C.C.  "  ,c 
172  I95  0. 5 c.c.  "  Died. 
SAn  attempt  was  made  with  four  cultures  of the  diplococcus  to  increase  the 
virulence by growing the  diplococci  in  a  glucose-bouillon medium  containing one 
twentieth  of  its  volume  of  immune  goat  serum.  For  the  controls  normal  goat 
serum  was  employed.  Each  culture  was  passed  at  twenty-four-hour  intervals 
through  ten  successive tubes  of  medium.  The  tenth  cultures  were  injected  into 
the peritoneal  cavity  of mice.  As the  tabulation  indicates,  no  augmentation was 
accomplished.  The  immune  serum  caused  agglutination  of  the  growing  dlplo- 
cocci.  The  mice  dying  in  twenty-four  hours  showed,  as  is  usual, general  infec- 
tion  with the diplococcus.  Mr.  Herbert  Ward  assisted me  in these experiments. 
Quantity of Culture Injected.  Immune Series Result.  Normal Series Result. 
~'3  C.C. 
[2  c.c. 
Kepp culture..~I  e.c. 
jo. 5 c.c. 
t  o.z  c.c. 
['3 e.c. 
Behren eu'ture  c::: 
~.o. 5 c.c. 
Died in 15 hours. 
Survived. 
t~ 
Died in 5 days. 
Died in I S hours. 
Survived. 
Died in 24 hours. 
Survived. 
Died in IO days. 
Survived. 
Died in xo days. 
Survived. 
Died in Io days. 
Died in a4 hours. 
Died in 2o hours. 
Survived. 
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ing a  lot of guinea-pigs  of about equal  weight  approximately  uni- 
form  quantities  of the  cultures  could be injected. 
The preceding tabulation  will suffice to show the method  of test- 
ing comparative virulence and give the results obtained  in a  typical 
experiment. 
One  agar-slant  culture  of  each  strain  was  suspended  in  about 
3  c.c.  of  salt  solution.  Injections  made  intraperitoneally  at  5 
P.M.  The pigs succumbed during the night or the next morning. 
As salt solution is evidently an active poison for the diplococcus, 
and  as sheep-serum water  favors, when added to an otherwise suit- 
able  medium,  the  growth  and  preservation  of  the  diplococcus,  an 
experiment  was  made  to  ascertain  whether  suspending  the  diplo- 
cocci  in  one  or  the  other  fluid  influenced  the  pathogenic  result. 
The  experiment  was  made  with  a  culture  on  sheep-serum  agar 
eighteen  hours  old.  The  suspensions  were prepared  at  Ii  A.  M., 
and  the  injections  given intraperitoneally  at  4  P.  M.  In  point  of 
concentration  the  salt  suspension  was,  as  indicated  by  the  micro- 
scopical field, considerably the heavier. 
No. of Pig.  Weight in Grams.  Quantity of Suspension  Result. 
Injected. 
Io2  230  I.O c.c.  salt.  Died  on  second  day. 
I2I  267  0. 5  C.C.  "  Survived. 
x34  260  I.O e.c.  serum.  Died  on  first day. 
13o  27o  o. 5  c.c.  "  Died  on  second  day. 
I90  115  0.2  c.c.  "  Died  on  first day. 
This result merely suggests that  as compared with a  sheep-serum 
water  suspension  the  salt  suspension  of  diplocoeci  suffers  a  more 
rapid  deterioration.  In certain  experiments  on  immunity  which  I 
carried  out I  observed that  it was  unsafe  to  carry the  salt  suspen- 
sions  of  the  diplococci  over,  from  one  day  to  the  next,  without 
making  a  new  determination  of  the  strength.  The  apparently 
better  preservative  action  of  serum-water  over  salt  solution  is  the 
more remarkable in that the serum water is not a  favorable medium 
of  growth  for  the  diplocoecus.  Indeed,  many  strains  are  unable 
to  develop  in  it  alone;  and  the  transplanted  diplococci,  which  do 
not  multiply,  soon  disappear.  If  equally  heavy  suspensions,  say 
an agar-slant  surface growth per 4  c.c.  of fluid,  of the diplococcus 
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the disintegration  is more advanced at the end of twenty-four hours 
in the salt than  in the serum-water. 1° 
In studying the pathogenic action of the diplococcus salt suspen- 
sions  were  invariably  used.  Where  a  large  number  of  animals 
was  to  be inoculated,  the  diploeoccus was  grown  on  the  flat  agar- 
covered  surface  of  a  one-pint  Blake  bottle.  A  suspension  of  the 
growth in  Iz  c.c.  of fluid was made of which the  fatal dose varied, 
according to the virulence of the diplococcus,  from o.I  to 0.5  cubic 
centimeter  for  small  guinea-pigs,  by  intra-peritoneal  inoculation. 
Death  from these doses occurred, as a  rule,  in less than twenty-four 
hours.  Active cultures,  in  this  strength  of  suspension,  may in  the 
smallest dose given cause death  in  from eight to ten hours.  A  cul- 
ture of which a  dose of o.5 c.c.  requires twenty-four hours to cause 
death  is one of low virulence.  In the course of any large series of 
experiments,  irregularities  in  the  reaction  of  guinea-pigs  to  inocu- 
lation occur.  On the whole, the irregularities  occasioned by greater 
or less resistance on the part of the small pigs are remarkably  few. 
It  has,  indeed,  rarely  happened  that  a  guinea-pig  of  a  series  died 
in  four  hours  and  another  survived  thirty-six  hours.  But  these 
irregularities  can,  when  required,  as in tests  of immunity,  be ruled 
out  by  making  duplicate  inoculations.  Care  should  be  exercised 
not  to  employ  guinea-pigs  weighing  less  than  I5o  to  i6o  grams, 
the  most useful weights being about  20o grams.  Among  the pigs 
surviving inoculation  immediately,  it happened,  now and  then,  that 
death  took place  after  several  days,  or a  few weeks,  and  was pre- 
ceded  by  a  state  of  great  emaciation.  No  constant  pathological 
condition,  the  emaciation  excepted,  was  found  in  these  animals. 
The  peritoneum  was  usually  clear,  and  no  diplococci  remained 
there or elsewhere in the body. 
One of the earliest visible results of the inoculations  is a  marked 
reduction  in  temperature.  This  is  associated,  at  times,  with  the 
characteristic  external appearance of sick guinea-pigs:  the tendency 
to  avoid  the  light,  and  to  sit  crouched  in  a  corner  with  the  hair 
erected.  The  abdominal  muscles  become  tense  and  hard  and  the 
abdomen distended.  The  irritative  effects of the  inoculation  upon 
1°The  directly toxic  action  of  sodium  chloride  upon  the  diplococcus  has  al- 
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the intestine are associated occasionally with prolapsus  of the rec- 
tum  which condition is  followed invariably by death.  The  rapid 
onset and high degree of reduction of temperature following inocu- 
lation  permit  frequently the  prediction  in  two  or  three  hours  of 
the probable outcome.  Hence, it is possible, in many cases, to deter- 
mine in a  short time the result of tests upon virulence of the diplo- 
cocci, the protective value of immune sera, etc.  In testing immune 
sera it is necessary in each instance to make a  preliminary estima- 
tion  of  the  activity  of  the  organisms,  since  the  concentration of 
the suspension  and  the degree of virulence are such  variable  fac- 
tors;  and  as  the  suspensions  cannot be  kept  in  salt  solution  for 
twenty-four  hours  without  changing,  and  should  be  injected  as 
soon as possible  after preparation,  it is  an advantage to  have this 
relatively  safe  guide  to  further  inoculations  of  the  temperature 
depression.  The tabulation will exhibit the effects described. 
No. of Pig.  Weight in 
Grams. 
II3  I7o 
119  160 
I21  I86 
x22  17o 
Amounts of 
Inoc. x2M. 











37.6  °  C. 
38. x °  C. 
38. I °  C. 
Temp. and Condition 
3P.M. 
35.3 °C. abdom, tense. 
34. Ioc.  ,,  ,, 
35.IOC.  ,,  ,, 
34,8ec.  ,,  ,, 
Result. 
Died  12  M.  next 
day. 
Found  dead 7  A.M. 
next day. 
Died  9:3  °  P.M. 
same day. 
Died  9:3  o  P.M. 
same day. 
As a  control  for this  series the following tabulation will suffice. 
The temperature of the pigs prior to inoculation was about 3 8° C. 
The  quantities  of emulsion of the several strains  of diplococci in- 
jected  ranged  from  o.I  to  o. 5  cubic  centimeters.  The  injections 
Weight in Grams.  Quantity of Suspension  Temp. after Inoc.  Result. 
Injected. 
165  o.I  c.c.  360 C.  Survived. 
16o  0.2 c.c.  37.2  °  C.  " 
182  o. 5  c.c.  35.6  °  C.  Died. 
165  o.x  c.c.  35.4  °  C.  Survived. 
175  0.2 c.c.  38.6  °  C.  " 
166  0. 5  c.c.  38.4  °  C.  " 
were made at 6  P.  M.,  and the temperature of the surviving pigs 
taken the next morning. 
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in showing that the temperature depression is less in cases in which 
-the inoculation is not fatal, and second, the degree of resistance of 
the individual pigs is a  factor to be reckoned with.  The bracketed 
series illustrates the latter point: the same suspension of diplococcus 
was  injected  into  the three  pigs,  and  the pig which  received the 
smallest  dose  showed the greatest  depression of  temperature.  A 
similar effect has been noted in other cases, but,  on the whole,  is 
.rather exceptional. 
The fate of the diplococci injected into the peritoneal cavity in 
guinea-pigs depends upon several conditions: the quantity of diplo- 
,cocci injected, the virulence of  the diplococci, somewhat upon the 
individual resistance of the pig, since this is a  factor in prolonging 
or diminishing the period of survival, and the extraneous condition 
of elapsed time between death and autopsy.  As will appear later, 
the diplococci are not highly resistant to  the destructive action of 
the fluids of the body whether they act upon them in the peritoneal 
~avity  or  in  the  test-tube.  Some experiments  tend  to  show  that 
the more virulent diplococci resist the disintegrative action of the 
fluids in the body longer than the less virulent ones.  Comparison 
of  the  conditions arising  in  the  peritoneum,  depending upon the 
quantities and the virulence of the diplococci injected, offers a pos- 
sible explanation of this difference. 
The  more virulent the diplococcus the  shorter  is  the period  of 
survival after inoculation.  Guinea-pigs which succumb in less than 
.eighteen hours--and many succumb to  injection of virulent diplo- 
cocci  in  ten  to  fourteen hours--tend  to  develop a  peritoneal  ex- 
xtdate  poor  in  leucocytes;  while  the  pigs  which  survive  longer, 
i.  e.,  from twenty-four to  thirty-six  hours,  tend to  exhibit  turbid 
,xudates rich in leucocytes.  No absolute ratio between the number 
of leucocytes in the exudate and the degree of disintegration of the 
diplococci exists; but a  relative ratio seems to exist.  With an in- 
,creasing period of survival there is greater emigration of leucocytes 
and also greater disintegration of diplococci.  Hence, the degree of 
emigration of  leucocytes comes to  be  a  measure,  in  part,  of  the 
degree of virulence of the diplococei.  The relation can, however, 
be  disturbed either by the inoculation of  very  large  quantities of 
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might  indeed be  expected.  It  is,  however, to  be pointed  out  that 
large  overdoses  of  the  weaker  diplococci  can  be  readily  disinte- 
grated  in  the peritoneal  cavity,  even though  emigration  of  leuco- 
cytes is  largely prevented by  the  excessive dose.  From  this  fact 
the  result  may be  deduced that  the  destruction  of  the  diplococci 
does not take place necessarily within leucocytes, but can be accom- 
plished by fluid inflammatory exudates alone.  As will be seen pres- 
ently, test-tube experiments bear out this deduction.  There is  simi- 
larity in the pathological conditions met with in cerebro-spinal men- 
ingitis  in  man  and  in  the  experimental  infection  in  guinea-pigs. 
In both  species the immediate local reaction to the presence of the 
diplococcus in the serous cavities is an exudation of fluid, the char- 
acter and quantity of which varies greatly, perhaps with the quality 
of the infecting diplococcus.  The tess cellular fluids often contain 
the  greater  number  of  diplococci  of  well-preserved  appearance 
which  are  readily cultivated;  while  the  more  cellular  fluids  often 
show  fewer  diplococci  and  yield  cultures  with  greater  difficulty. 
No striking relation need exist between the virulence of the diplo- 
coccus as displayed for man and animals,  since the inherent quali- 
ties in the germ which determine pathogenicity are often quite dis- 
similar for different classes of animals. 
I  have pointed out that some relation between virulence of diplo- 
coccus,  period  of  survival  of  the  inoculated  guinea-pigs  and  the 
emigration of leucocytes exists,  and it  remains to  add that phago- 
cytosis,  in  the peritoneal cavity, while a  variable  factor is  a  fairly 
constant  one.  When  emigration  of  leucocytes is  at  all  marked, 
even with  an  almost  entire preservation  of  the  diplococci,  phago- 
cytosis  is  occurring.  When there has been considerable,  although 
not total, disappearance of the free diplococci, phagocytosis is likely 
to be more abundant.  It rarely happens that all the diplococci are 
within  phagocytes  unless  a  small  number  only  of  those  injected' 
remain.  On the other hand, when overdoses of little virulent diplo- 
cocci are injected they may disappear as stated almost wholly from ' 
the  peritoneal  cavity  although  the  emigration  of  leucocytes  may 
have been entirely suppressed; or, as is  also possible, the emigrated 
leucocytes may have undergone complete lysis.  Hence, I have con- 
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function of emigration but not a measure of it, and second, the dis- 
appearance  of  the  diplococci  from  the  peritoneal  cavity  does  not 
depend wholly on phagocytosis.  I  believe, indeed, that  the diplo- 
cocci  can  be  removed,  without  direct  intervention of  phagocytes, 
through  self-digestion  and  digestive  action  of  the  inflammatory 
~exudate.  The ease with which the diplococcus undergoes autolysis 
has  already  been  dealt  with;  and  that  the  inflammatory  exudate 
exerts actively destructive effects upon the diplococcus will be shown 
presently. 
Leucocytes  are  numerous  in  every  fibrinous  exudate,  and  fre- 
.quently,  in  the  omentum, when  they  may  be  sparse  in  the  peri- 
toneal  fluid.  Speaking generally,  the clear  peritoneal  fluids  con- 
-lain  few  leucocytes relatively, and  the turbid fluids contain many. 
The  leucocytes of  the  omentum are  large  and  pale,  and  those of 
-the peritoneal fluid small and dense.  Their nuclei are often irreg- 
-ttlar  in form, or  fragmented.  Diplococci are common in the pro- 
ttoplasm and rare  in the nuclei, and they show all transitions  from 
well-preserved,  sharply-staining  organisms  to  fragments  of  cocci 
:and swollen, metachromatic bodies.  Degenerations are exceedingly 
frequent both in the leucocytes and  in the diplococci.  Many leu- 
,cocytes, even those devoid of diplococci, show nuclear  fragmenta- 
tion  and vacuolization, while the markedly degenerated diplococci 
~are commonly intracellular.  The number of diplococci in the leu- 
.cocytes is as variable in the guinea-pig as it is in man.  Occasion- 
ally one finds that the injected diplococci have undergone aggluti- 
:nation in the peritoneal fluid.  Where the injected diplococci were 
.quite uniformly distributed in the salt suspension, cover slip prepa- 
rations  from the inflammatory exudate show the micro-organisms 
.to be in smaller and larger clumps, in which condition they may be 
laken up by phagocytes. 
Since in cerebro-spinal meningitis in man cultivation experiments 
may fail to yield the diplococcus although the microscope shows it 
1o be present, attention may be called to similar failures with guinea- 
;pigs.  In  the  case  of  these  animals  the  period  of  survival  after 
inoculation affects the result, since, if the autopsies are made soon 
:after death, those pigs succumbing earliest give the greater number 
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tial  decomposition of  the body  has  already set  in,  or  if  the dead 
pigs have been kept for many hours in the refrigerator, the chances 
of successful cultivation of the diplococcus are greatly reduced.  I 
have noticed that the diplococci taken from pigs  dead some hours, 
which have not grown on planting on a good medium, show irregu- 
larities  in staining indicative of beginning dissolution;  while a  pig 
which had died at about the same time from a  corresponding injec- 
tion of the diplococcus, but which had been kept in the refrigerator 
during the same number of hours  (six to eight), showed the diplo- 
cocci in  a  better state  of preservation,  although  they too may not 
have grown in the tubes.  In the first instance, the diplococci have 
succumbed, probably, to the combined action of inflammatory exu- 
date  and  the  products  of  decomposition;  and  in  the  second,  they 
were probably killed by the low temperature (vide supra).  Should 
the former pigs  remain somewhat longer at the  fairly warm room 
temperature,  the  diplococci  may  disappear  entirely  post  mortem. 
Hence,  failure  to  grow  upon  artificial  culture  media  may depend 
upon  changes  suffered by  the  diplococci  in  the  infected body,  or 
in the body after death.  I  may anticipate,  in this place,  an obser- 
vation made upon  the medulla oblongata  of a  monkey which suc- 
cumbed  to  an  intra-spinal  injection  of  the  diplococcus.  The  me- 
dulla was covered with a recent purulent exudate from which diplo- 
cocci were easily cultivated.  Two portions were excised of which 
one was placed at 37 ° C. and the other at 2 ° C. over night.  Neither 
of these now gave growths, and the cover slip  preparations  which 
originally showed numerous diplococci now showed many fewer in 
the exudate from the section of tissue placed in the thermostat; no 
such diminution occurred in the cooled tissue. 
In view of the manner in  which Diplococcus  intracellularis  acts 
in causing death of guinea-pigs, it may be assumed that its effects 
are produced by a  poison liberated  from the bacterial bodies, prob- 
ably  through  disintegration,  and  not  to  a  secreted  extracellular 
poison.  Multiplication  on  the part  of the  diplococei is  not  at  all 
essential  to  the production  of  the  peculiar  symptoms and  lesions. 
Even  though  multiplication  of  the  virulent  diplococci  does  take 
place,  it  is  still  likely that  the toxic action is  caused by  the diplo-- 
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interpretation  is  shown by  the  toxic  action  (I)  of  cultures  killed 
by heat, and  (2)  of the autolyzed fluids--autolysates--of  cultures. 
As regards the autolysates,  they can readily be shown to be lethal, 
by intraperitoneal injection, in mice and small guinea-pigs, of which 
the latter are the more sensitive.  The autolysate prepared by sus- 
pending  the  growth  from  a  pint  Blake  bottle  in  i2  c.c.  of  salt 
solution will, after filtration through porcelain or centrifugalization 
till clear, cause death in twenty-four hours in doses of o. 5 to i.o c.c. 
It seems as if the filtered extracts  had lost something of their tox- 
icity as compared with the centrifugated ones.  Exudates  obtained 
from the peritoneal cavity of guinea-pigs, in which many diplococci 
had been dissolved, also proved to be toxic  for mice.  Heating the 
autolysate  to  65 ° C.,  at  which  temperature  the  enzyme  is  reduced 
in activity, does not reduce materially the toxicity ; hence, the poison 
is probably  independent of the enzyme.  The  following tabulation 
shows the comparative effects of living and dead cultures and auto- 
Weight of Pig  Substance  Injected.  Result.  Post-mortem  Appearances.  in Grams. 
187  0. 5 c.e.  susp. living cocci.  Died  during  8  c.c.  turbid  fluid  in  perito- 
night,  neum;  typical  lesions. 
Large numbers  of diplococci  ; 
some phagocytosis. 
I5O  0. 5  c.c.  susp.  heated 




1.o  c.c.  susp.  heated  to 
6o  ° C. 
2.0  c.c.  susp.  heated  to 
60 ° C. 
3.0  c.c.  susp.  heated  to 
65 °  C. 
4 c.c.  haemoglobin-tinted fluid. 
Mottled  adrenals.  Oedema 
pancreas.  No  phagocytes 
or diplococci. 




Died  during 
night. 
Died  during 
night. 
Died  during 
night. 
c.c. haemoglobin-tinted fluid ; 
typical  lesions;  multiple 
haem. in  liver;  some leuco- 
cytes ;  few fragments ;  swol- 
len cocci. 
I52  I.O c.c.  autolysate.  4 c.c.  slightly turbid exudate in 
peritoneum ;  mottled  adre- 
nals ;  some leucocytes. 
t8a  I.O c.c.  autolysate  heated  to  4 c.c.  clear fluid in peritoneum ; 
65 °  C.  red  adrenals;  no  leucocytes 
in  peritoneum,  but  some  in 
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lysates.  All  the  injections  were  made  into  the  peritoneal  cavity 
at  four P.  M. 
The  fact that  this  table  especially brings  out is that  heating  the 
diplococci to 60 ° C. or slightly above reduces their toxicity, while the 
toxicity of the autolysate is not materially  reduced by the tempera- 
ture.  Upon  what  changes  in  the  diplococci  produced  by this  tem- 
perature  the loss depends is not shown by this  experiment,  but per- 
haps  the  reduction  of enzymotic power,  which  begins  to  take place 
about (50 ° C. may partially explain the effect.  Since the toxic action 
of the diplococcus depends upon disintegration,  reduction  in the ra- 
pidity of dissolution might easily affect the result.  Relation between 
the weight of the pig,  as influencing susceptibility, is also shown to 
play  a  part,  but  one  easy  to  be  overcome  by  increasing  the  dose 
of the  diplococcus. 
In  order  to  ascertain  how  important  viability of  the  diplococcus 
is in bringing  about the lethal  effects a  suspension in Ringer's  fluid 
of  which  the  fatal  dose  had  been  determined  was  kept  at  2 °  C. 
until  growth  could  no  longer  be  obtained.  It  was  assumed  that 
the  toxin  suffers  less  injury  when  the  cocci  are  killed  at  low 
than  at  the  higher  temperatures.  The  lethal  (lose  went  up  from 
0.I  c.c.  to  o.2  c.c.  of  the  suspension.  A  second  observation  bear- 
ing  on  this  point  was  unwittingly  made  in  the  course  of  some 
experiments  with  immune  sera.  A  suspension  of  the  diplococcus 
in  Ringer's  fluid  of  which  0.I  c.c.  was  fatal  in  12  to  14  hours  in 
the preliminary  test was  found,  the  next day,  to  be without power 
to  cause  death  in  the  control  animals  and,  of  course,  in  the  im- 
munized  pigs.  A  large volume of the  suspension was transplanted 
to  sheep-serum  agar  but  no  growth  was  obtained.  The  assump- 
tion  that  multiplication  of  the  injected  diplococci  takes  place 
during  the  first hours  after  inoculation  would  seem  to  have  more 
probability  than  the  counter  assumption  that  deterioration  of  the 
poison  sometimes  takes  place  rapidly  from  the  action  of  unknown 
causes. 
The  most striking  lesions  in  inoculated  guinea-pigs  occur in  the 
peritoneal cavity.  Unless the lethal effect is prolonged beyond one 
or two days, fluid exudates  are obtained,  and  more or less pus and 
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the  rolled-up  omentum.  Even  with  considerable purulent  deposit 
over the liver, the fluid may be nearly clear.  The pleural cavities 
frequently contain  an  excessive  quantity  of  clear  serum,  and  the 
lymphatic glands generally are swollen and  congested.  The main 
visceral lesions met with are  (I)  vivid congestion or hmmorrhages 
of  the adrenal glands;  (2)  haemorrhages into  the mesentery, cen- 
tral tendon of the diaphragm and serosa of the abdominal walls and 
intestine;  (3)  gelatinous  cedema  of  the  pancreas  and  peri-pan- 
creatic tissues.  A  detailed description of these lesions is  not mer- 
ited; but exception may be made of the hmmorrhages in the mesen- 
tery.  This  exception appears  justified  by  the  not  uncommon oc- 
currence of h~emorrhages into the skin in cerebro-spinal meningitis 
in man. 
The  haemorrhages in  the peritoneum in  the guinea-pigs are dis- 
tributed  with  much  regularity.  The  most  common  places  of  oc- 
currence  are  the  mesentery  of  the  ascending  colon,  below  the 
pancreas,  which  has  an  almost  circular  form  derived  from  the 
curved  loops  of  intestine,  the  mesentery of  the  caecum,  and  the 
central  tendon  of  the  diaphragm.  Haemorrhages  occur  less  fre- 
quently in  other parts  of the serous membrane.  The mesentery is 
stretched  over  bottle-tops,  fixed  in  Zenker's  fluid,  and  stained  in 
haematoxylin and eosin.  The preparations are thin enough to per- 
mit the examination to be made with the one-twelfth inch immersion 
lens.  The haemorrhages are strictly focal.  They arise  from capil- 
laries and small veins; and they are common at the point of junc- 
tion of several veins and capillaries.  The extravasation is,  usually, 
from  one  point  of  the  vessel,  but  the  infiltration  of  the  vascular 
sheath and adjacent tissue with red corpuscles may be quite exten- 
sive.  Sometimes only a  few corpuscles escape.  The  vessels  from 
which the blood escapes are not thrombosed; there is often no evi- 
dence of marked stasis;  judging from the  few polymorphonuclear 
leucocytes adjacent to the escaped corpuscles, inflammation is not a 
prominent  feature.  Often no change in  the vascular  walls  at  the 
place of escape of corpuscles can be made out, sometimes the endo- 
thelium  is  massed  atthe  point  of  apparent  escape;  rarely  is  the 
vessel dilated above or below the point;  but  in  some instances the 
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or even appears  to  be deficient.  The last appearance is  similar to 
that which Flexner and Noguchi  n  described in  rattle-snake venom 
poisoning  as  caused  by  "h~morrhagin,"  an  endotheliolysin  con- 
tained in that venom. 
It  has  been  noted  that  the toxic autolysate carries  all  the  toxic 
bodies contained in the diplococci.  It is, however, doubtful whether 
all  of them pass  equally readily through  Berkefeld filters.  Larger 
doses  of  the  filtered  "extract"  are  required  than  of  the  centrif- 
ugalized ones to produce lethal results; and the exudates caused by 
the former may not be attended by accumulations of fibrin and pus. 
Possibly the small  fragments of bacterial bodies, not separated by 
the  centrifuge,  bring  out  the  richer  emigration  of  leucocytes. 
Ha~morrhages  have,  however, been  hardly  ever  noted  among  the 
lesions caused by the filtrate. 
The great capacity which the body displays for ridding itself of 
the diplococci, as  shown by the enormous numbers of them which 
disappear  from  the  peritoneal  cavity  in  a  few  hours,  could  be 
readily  accounted  for  by  the  inherent  tendency  to  self-digestion 
which  the  diplococci  exhibit.  Any  mechanism  which  will  either 
kill the micro-organisms outright,  or so  reduce their  vitality as  to 
bring them under the injurious influence of their own enzyme will 
suffice  to  bring  about  their  dissolution.  It  has  already  been 
pointed out that phagocytosis is not essential to the removal of the 
diplococci from the peritoneum and the reason for this is now clear. 
It is relatively uncommon to find, in human infections, any number 
of the diplococci circulating with the blood, and in guinea-pigs, mice 
and  monkeys, the  diplococci  are  present  in  the  blood  for  a  brief 
relative period  only.  From  these  observations  the  fact  might  be 
deduced that  the  diplococcus  does not  thrive  in  the  blood  serum. 
David Davis m has observed the diploeoccus to grow in defibrinated 
blood  of  certain  normal  individuals,  but  he  has  also  ascertained 
that normal serum is  bactericidal  for the diplococcus,  and this  de- 
structive property is diminished but not wholly removed by heating 
the serum to 6o ° C.  for thirty minutes.  Hence, the question arises 
whether  in  the  guinea-pig  this  mechanism  of  serum-lysis  or  any 
Univ.  Penna.  Med.  Bulletin,  I9o2,  xv,  345. 
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allied phenomenon is employed naturally in removing the diplococci 
from the peritoneal cavity.  An answer to this  question  may help 
to explain the bactericidal phenomena which take place in the peri- 
toneal cavity of these animals. 
I  have made experiments on the dissolving" power of the blood- 
Two  gulnea-pigs  received  intraperitoneal  injections  of  Diplococcus  "654" 
heated previously to 65 °  C.  for thirty minutes.  They survived about eight hours. 
The clear peritoneal exudate was collected: it contained very few leucocytes and 
many  shadowy  diplococci.  Centrifugalization  until  clear.  Two  series  of  tests 
were made as  follows: fresh guinea-pig serum  and  the fresh exudate with  large 
and small amounts of living diplococci; serum and exudate heated to 6o  °  C.  with 
the same amounts  of living cultures.  The  tabulation gives  the  result. 
SERIES  I. 
Immediate Culture.  Culture after 2  4  Culture after 4  8 
Hours.  Hours. 
Serum 2 c.c. emulsion cocci o.I c.e.  Abundantgrowth.  Reduction  in  Many  separate 
growth,  colonies. 
Serum  (60 °)  2  c.c.  emulsion  cocci  Idem.  Idem.  Idem. 
O.I  C.C. 
Exudate 2 c,c. emulsion cocci o. I e.e.  Idem.  No growth.  No growth. 
Exudate (60  °) 2 c.c. emulsion cocci  Idem.  No growth.  No growth. 
0. I  c.c. 
Immediate  Cover-slips  after 24  Cover-slips after 48 
Cover-slips.  Hours.  " Hours. 
Serum 2 c.c, emulsion cocci o.I c.c.  M a n y  w e I 1  Small number of  Increased  num- 
stained cocci,  cocci remain,  ber of cocci, 
Serum (6o  °)  2  c.c.  emulsion  cocci  Idem.  Reduction  less  Greatly increased 
o. t  c.c.  than  previous  n u m b e r  of 
one ;  swollen  cocci. 
cocci visible. 
Exudate 2 c.c. emulsion cocci o. I c.c.  Idem.  Only shadows of  No cocci. 
cocci remain. 
Exudate (6o  °) 2 c.c. emulsion cocci  Idem.  Only detritus.  Detritus. 
O.I C.C. 
Series  II  was a  repetition of Series I,  except that 0.5  c.c,  of the  emulsion of 
the  diplococcus was  employed.  The  striking  feature  was  the  complete destruc- 
tion of the organisms by the unheated exudate; the apparent complete destruction 
at  the  end  of  the  first twenty-four hours  by  the  exudate  heated  to  6o  °  C.  and 
the re-appearance of a  small number of colonies from this tube at the end of the 
second twenty-four-hour period.  The  serum tubes  gave  abundant growth in  all 
the  transplantations.  Cover-slip  preparations  showed  reduction  in  numbers  of 
diplococci in all the tubes, the reduction being less marked in  the tubes of serum 
than of the exudates. 140  Biology  of Diplococcus intracellularis. 
serum and  the peritoneal  exudate,  from guinea-pigs  on  the diplo- 
coccus.  The serum is  collected in  a  sterile manner; the peritoneal 
exudate is  freed from ceils by centrifugalization.  Both fluids pos- 
sess digestive power for the diplococci, but in very different degrees. 
Mixed with  fresh  cultures  considerable numbers  of  the  diplococci 
can  be  destroyed and  dissolved.  In  the  case of  the  exudate,  the 
toxicity, as might be expected, is  increased by this  digestion.  The 
serum and exudate differ not only in respect to the number of diplo- 
cocci which they destroy in  their natural  condition,  but  they also 
differ as regards the effect of heat on the bactericidal power.  Heat- 
ing to 60 °  C.  for thirty minutes robs the serum of much more of 
its power to destroy the diplococci than the exudate. 
Practically the  same  result  as  the  preceding has  been  obtained 
with  exudates  derived  from guinea-pigs  succumbing to  living cul- 
tures.  The power to destroy diplococci is  not lost by the exudate 
after several weeks keeping at 2 ° C.  In the course of the destruc- 
tion  of  the  diplococcus by  the  exudate,  I  have  repeatedly noticed 
the enlarged or swollen, deep-staining diplococci already mentioned 
of which  it  has  been  suggested  that  they may  be  more  enduring 
forms  of  the  micro-organism.  In  safranin-stained  preparations 
these diplococci stand out as sharply defined, highly refractive, deep 
pink  bodies.  They  are  the  last  morphological  elements  to  disap- 
pear from the fluids; and when they can no longer be detected the 
cultures prepared  from the fluids remain, as a  rule,  sterile.  Fresh 
guinea-pig serum, and to a less extent the heated serum, can destroy 
all the diplococci added if the number is not too great.  There ap- 
pears to be variations in this power in different normal animals. 
The  question  upon  what  ingredients  the  difference in  action  of 
serum and inflammatory exudate depends, arises naturally.  Perhaps 
the most important difference in composition would arise from the 
products of diplococcal disintegration  and  of leucocyte destruction 
in the exudate as compared with the serum.  We have already seen 
that  the products of diplococcaI dissolution  are injurious  to  living 
diplococci  only  when  they  are  highly  concentrated,  and  hence  it 
seems as if in the case under consideration they could be left out of 
account.  My own opinion is that the destroyed leucocytes yield to 
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in  such a  manner as  to  bring  them under the dissolvent action of 
their  own  enzyme.  Since,  also,  the  fresh  and  heated  (6o°C.) 
exudate is digestive upon diplococci heated to 65 ° C.  and 7  °0 C., it 
must itself possess dissolvent power.  This latter power is probably 
not  complemental but  rather  proteolytic  in  nature.  Whether  the 
diplococci are subject in  high  degree to  the complemental form of 
bacteriolysis is not known; but the power exerted by serum heated 
to  6o ° C.  would  rather  indicate  that  another  kind  of  destruction 
than this ordinarily takes place.  What this is can be surmised from 
the general tendency to dissolution exhibited by the diplococcus.  It 
is necessary only that fresh or heated serum should injure the diplo- 
coccus  in  order  that  its  intracellular  bacterial  enzymotic  power 
should  come into  action.  In  order  to  explain  all  the  appearances 
met  with  in  the  peritoneal  cavity  of  guinea-pigs  infected  with 
Diplococcus intracellularis, the various properties of the diplococcus, 
plasma,  and  inflammatory exudate, have to be taken  into  accurate 
account. 